Background-The last comprehensive epidemiological studies on familial sarcoidosis in the UK were more than 25 years ago, reporting another aVected family member in 1.7% of index cases. A significant proportion of like-sex over unlike-sex pairs, an excess of mother-child over father-child associations, and a preponderance of monozygous over dizygous twins was noted. Another study reported ethnic heterogeneity in familial disease. This study was undertaken to identify the risk ratio ( S ) for siblings of familial sarcoidosis in the UK, to determine if the previous epidemiological findings have persisted, and to reassess whether ethnic heterogeneity prevails in familial disease. Method-Questionnaires were sent to 406 index patients. Results-Two hundred and sixty eight replies (66%) were received. Twenty four of the original 406 index patients (5.91%) were found to have at least one other relative (first, second or third degree) with biopsy proven sarcoidosis. A S value of 36-73 was calculated indicating significant familial clustering of the disease. Ethnically the families comprised 62.5% Caucasian, 29.2% Afro-Caribbean, and 8.3% Asian. Mean age at diagnosis was 39.8 years for women and 40.9 years for men with a male to female ratio of 1:1.7. This diVered for the Asian families in which all the aVected members were male. Three sets of female twins (two monozygous and one dizygous) were included. There was an equal distribution of like-sex (primarily female) and unlike-sex families as well as mother-child and father-child pairs. Pulmonary involvement was predominant irrespective of ethnicity, as was the need for corticosteroid treatment. Conclusions-These results support the theory that a shared determinant (either genetic or environmental) is operating in familial sarcoidosis and suggest that this determinant is similar for all ethnic groups.
Sarcoidosis is a multisystem granulomatous disorder, the aetiology of which remains unknown. It has been conceived that, as in the case of beryllium induced lung disease, an environmental trigger/antigen initiates an immune mediated response in a genetically susceptible individual. Antigen presenting cells then process and present the antigen, in the context of class II HLA molecules, to helper CD4+ T-cells. 1 This results in a cascade of lymphocytes and mononuclear phagocytes, recruitment and upregulation of cytokines and associated ligands that lead to granuloma formation and distortion of the normal microarchitecture of the organs involved. In sarcoidosis, unlike beryllium lung disease, the antigen has not yet been identified.
The basis to the theory that genetic factors may play a part in the predisposition to sarcoidosis dates back to the 1920s when the first cases of acute sarcoidosis in siblings were reported.
2 There have been a number of reports of the prevalence of familial clustering in sarcoidosis ranging from 1.7% (UK), 4.7% (Finland), 4.3% (Japan), 9.6% (Ireland) to 17% (African-Americans). [3] [4] [5] [6] [7] [8] [9] In the UK report a total of nine families from a series of 537 patients were identified giving a prevalence of 1.7% for familial sarcoidosis. This study also showed a preponderance of monozygous over dizygous twins, like-sex over unlike-sex pairs, and mother-child over father-child associations in these families. Significantly, Rybicki et al described for the first time in 1996 variability of familial risk in US citizens with African Americans having a threefold increased risk of familial disease compared with controls. 10 Recent advances in molecular genotyping have provided powerful tools with which to attempt to define more precisely the genetic factors that predispose to sarcoidosis. Furthermore, there has emerged an increased awareness of sarcoidosis in recent years, particularly the occurrence of the disease in more than one member of the same family.
Therefore, as a preface to employing our molecular genotyping approaches 11 12 in familial sarcoidosis, the aims of this study were (1) to determine if the previous epidemiological findings have remained constant over time, (2) to update the prevalence of familial sarcoidosis in a UK population and to quantify familial risk by determining the relative risk to a sibling of an index case of developing the condition when compared with the risk in the normal population ( S ), and (3) to determine if ethnic heterogeneity prevails in familial disease in the UK as it does in the USA.
To achieve these goals we conducted a survey, in the form of a questionnaire, of 406 patients with sarcoidosis attending the Royal Brompton Hospital between 1990 and 1995.
Methods

PATIENTS AND QUESTIONNAIRE
The names and addresses of 406 index patients attending the Royal Brompton Hospital between the years 1990 and 1995 were sequentially accessed from the sarcoidosis database; 77% of these index patients had their diagnosis confirmed on biopsy while 23% were diagnosed on clinical and radiological features. A questionnaire was mailed to each of the 406 index patients. The format of the questionnaire was such that the patient had to indicate if one or more family members had sarcoidosis. If this was the case, the questionnaire was then to be completed by the aVected relative(s) giving name, date of birth, age at diagnosis, hospital attended, method of diagnosis, system involvement, and treatment. This was then to be returned in a stamped addressed envelope. Any queries with regard to the questionnaire could be answered by telephone or in person with the patient/ relative. Permission to contact a relative's general practitioner (GP) if medical information (particularly biopsy information) was lacking was also obtained. In two cases questionnaires were completed for deceased aVected relatives by a surviving family member and medical information was then confirmed with the individual's GP.
Ethical approval for the study was obtained from the ethics committee of the Royal Brompton & Harefield NHS Trust and the National Heart & Lung Institute.
RELATIVE RISK RATIO ( S )
The relative risk ratio ( S ) to siblings of sarcoidosis was calculated using the method developed by Risch. 13 Briefly, this is defined as the prevalence of the disease in siblings of an aVected person/population prevalence for the disease. A large value for S indicates simple Mendelian disease (for example, S = 500 in cystic fibrosis), usually fully penetrant and easily mapped, whereas a small value (for example, S = 8 in rheumatoid arthritis) indicates more complex disease. The magnitude of the S also indicates the degree of diYculty that will be involved in mapping a susceptible gene locus. In fact, if S (or R , where R = relative) <1.5, one is very unlikely to identify a disease susceptibility gene.
14 If S >10 there is a significant likelihood that one or more important shared determinants are operating. 15 These determinants may be either environmental or genetic.
ETHNIC HETEROGENEITY
Population data for the various ethnic groups in both London and the UK was obtained from the National Statistics OYce (1991 census).
STATISTICAL ANALYSIS
Statistical analysis was performed using the ANOVA one way (unstacked) analysis of variance and the Woolf-Haldane (Sigtest) analysis.
Results
QUESTIONNAIRE DATA
One hundred and five patients responded to the initial questionnaire. The questionnaire was then remailed to the remaining 301 patients. A total of 268 replies was received from the 406 questionnaires posted (66% response rate). Of the original 406, 24 confirmed a positive family history of sarcoidosis giving a prevalence of 5.91%. Complete epidemiological and medical data were available on 23 of these sarcoidosis families. Twenty two families had only two family members with sarcoidosis while one family had four aVected relatives.
Twenty of the families comprised first degree relatives-15 sibling pairs and six parent-child associations (two of the latter came from the same family). Two families consisted of second degree relatives (two aunt/uncle-niece/nephew pairs) and one family of third degree relatives (one cousin pair). Of the 48 aVected family members 41 (85.4%) had biopsy proven disease while 14.6% (six Caucasian and one Afro-Caribbean) were diagnosed on clinical and radiological grounds.
EPIDEMIOLOGICAL DATA From the 23 families three sets of twins, two monozygous and one dizygous, were observed. Mean ages at diagnosis for women and men were similar at 39.8 (range 21-59) years and 40.9 (range 29-57) years, respectively. When ethnic origin was taken into account no significant diVerence was found in these values. In addition, although the overall mean age at diagnosis of Caucasians appeared greater (43 (29-50) years) than that of Afro-Caribbeans and Asians (32.1 (21-59) and 35 (31-39), respectively), this was not statistically significant (p = 0.56). The male to female ratio was calculated at 1:1.7. This varied only for the two Asian families of which all four members were male. When the epidemiological data were further analysed, a similar percentage of like-sex (52%, n = 12) and unlike-sex (48%, n = 11) families was noted as well as mother-child (17.4%, n = 4) and father-child (13%, n = 3) pairs. A total of 66.7% (n = 8) of the like-sex families were female (table 1) .
Specific organ involvement was recorded for each individual (table 2) . Pulmonary involvement was predominant in all three groups. Although eye involvement appeared more frequent in Caucasians than in AfroCaribbeans or Asians, this was not statistically significant (p = 0.19 and p = 0.9, respectively). Finally, the proportion of patients receiving corticosteroid treatment (used as a marker of disease severity) was similar for all three groups when population size was taken into account (table 2) .
RELATIVE RISK OF SARCOIDOSIS IN UK SIBLINGS
There were a total of 38 siblings for the 15 index patients with an aVected sibling. Using these numbers, we estimate a total of 1029 siblings for the base population of 406 cases. In this way the prevalence of sarcoidosis among siblings was estimated at 1.46%. The UK sarcoidosis prevalence rate has been recorded as between 0.02% and 0.4%. 16 The risk ratio ( s ) for siblings of patients with sarcoidosis of developing the disease (i.e. sibling prevalence/ population prevalence) was therefore determined to be between 36 and 73. This result was confirmed using the Woolf-Haldane (Sigtest) analysis (sibling risk ratio = 38-75, 2 = 146-163, p<0.005, 95% confidence interval (CI) 21 to 145).
ETHNIC HETEROGENEITY
The index patients consisted of 62.2% Caucasians, 37.4% Afro-Caribbeans, and 11.8% Asians which was not significantly diVerent from the proportions of the sarcoidosis families (62.5% Caucasians, 29.2% Afro-Caribbeans, and 8.3% Asians). Index patients with sarcoidosis were four times less likely to be Caucasian (p<0.001, relative risk (RR) = 0.23, 95% CI = 0.19 to 0.28) and three to four times more likely to be either Afro-Caribbean (p<0.001, RR = 3.76, 95% CI = 3.04 to 4.66) or Asian (p<0.001, RR = 3.3, 95% CI = 2.34 to 4.66) when compared with a normal UK population (fig 1) . Similar results were also reported when ethnic frequencies for patients with a family history of sarcoidosis were compared: Caucasian (p<0.001, RR = 0.15, 95% CI = 0.09 to 0.24), Afro-Caribbean (p<0.001, RR = 3.82, 95% CI = 2.07 to 7.05), and Asian (p = 0.0025, RR = 4.58, 95% CI = 1.74 to 12.08).
The referral population to the Royal Brompton Hospital is not drawn from a random UK population but from the population of London, the ethnic distribution of which (78% Caucasian, 10% combined Afro-Caribbean and Asian) diVers somewhat from the rest of the UK (94% Caucasian, 3.6% combined AfroCaribbean and Asian). As this may lead to an inaccurate risk ratio, comparison was also made with the population of London (fig 2) . Again, it was found that both index patients and those with a family history of the disease were more likely to be from the ethnic minority communities than from the Caucasian community.
Siblings of patients with sarcoidosis may themselves be at increased risk of the disease by virtue of their ethnicity. A comparison was therefore made of the ethnic distribution of both siblings and index patients but no significant diVerence was found. Finally, the prevalence of sarcoidosis for both familial and index Caucasian patients in this study was compared with previously published data on the prevalence of sarcoidosis in Caucasian patients for the London region. 17 Again no significant diVerence was found (familial patients: p = 0.125, index patients: p = 0.19).
Discussion
This study has shown that the relative risk of sarcoidosis in the families of an individual with sarcoidosis is of a level that would support the concept that common genetic determinants (± common environmental determinants) predispose to this disease. Specifically, the S score is very supportive of this concept and is in agreement with previous studies that have explored this issue. 18 It is interesting to note that the familial prevalence we have determined is 3-4 times greater than that previously reported from the UK. 3 This may relate to diVerences in awareness of familial disease in both patients and their carers. However, this is unlikely to have resulted in any form of ascertainment bias. Theoretically, a relative of an individual who has been diagnosed as having sarcoidosis would be more likely to seek advice for symptoms that were similar to those of the index case. This would therefore possibly increase the rate of pick up of familial sarcoidosis. However, in this study the same would apply to individuals in whom there was no identification subsequently of a familial history and therefore this potential for ascertainment bias would be balanced. Furthermore, as a denominator for our S scoring we have used all the index cases approached and have presumed that those who did not reply had no familial incidents. This could lead to an overestimate of the risk ratio. By the same assumption, however, it is possible that there may have been more familial cases within the same cohort, thereby making our S score an under-representation. The second major finding of this study is that we were not able to confirm an increased risk of familial disease when account was taken for the variable prevalence of disease among the ethnic communities in the UK (Caucasian, AfroCaribbean, and Asian). It is well recognised that the disease has a diVerent impact on individuals from diVerent ethnic backgrounds. For example, erythema nodosum is a feature of acute disease and good prognosis is seen predominantly in young Caucasians while Lupus pernio and cutaneous manifestations of sarcoidosis (associated with chronic disease) appear more frequently in AfricanAmericans/Afro-Caribbeans. 19 20 In our study a 3-4 fold increased risk of developing sarcoidosis was observed in the Asian and AfroCaribbean communities compared with controls and this matched the increased familial risk.
The absence of a significant diVerence in ethnic distribution between familial and index sarcoidosis patients suggests that the ethnic breakdown in this group places them at increased risk per se of developing the disease, regardless of whether or not they are the sibling of an index case. This may also account for the familial sibling prevalence in our study group, which was higher than in the previous UK study conducted primarily in Caucasian subjects. 3 However, when we compared the familial prevalence of sarcoidosis in our Caucasian subjects with previously published data for Caucasian subjects in a London population, no significant diVerences were observed.
These findings are in contrast with those of Rybicki et al 10 who found that AfricanAmerican individuals were approximately three times more likely to have sarcoidosis than Caucasians in the USA. A second study by the same group involved an extensive survey of 1082 consecutive sarcoidosis patients, 21 14% of whom had evidence of familial sarcoidosis in first or second degree relatives. There was a threefold increase in familial sarcoidosis in African-Americans compared with Caucasians (17% versus 6%). Although this diVerence between ethnic groups is similar to that observed in non-familial cases, when corrections were made for the diVerence in ethnic specific disease prevalence it was concluded that there was, indeed, heterogeneity in familial risk. Although these conclusions are at variance with ours, this may represent diVerences in analysis or numbers of families identified.
Families are likely to share common environments, infections, socioeconomic status, diet, and occupations in addition to genes. However, the increasingly accumulative evidence (monozygous/dizygous twin studies, 3 racial predisposition to sarcoidosis, 10 21 and recent HLA studies, 22 23 ) supports the concept that genetic factors contribute to the development of sarcoidosis, both in the familial and non-familial context. This has important implications for future studies involving molecular epidemiology. With the increasing number of putative antigens being described, [22] [23] [24] it may be possible in the near future to undertake a proper molecular epidemiological study of this disease and it is hoped that the ACCESS study from the USA will further inform this.
In conclusion, this study has shown that the familial risk of sarcoidosis appears to have increased in the UK over the last 25 years and supports the need for further studies into the genetic basis of this finding.
